This study investigates the unsteady natural convection and mass transfer flow of viscous reactive, heat generating/absorbing fluid in a vertical channel formed by two infinite parallel porous plates having temperature dependent thermal conductivity. The motion of the fluid is induced due to natural convection caused by the reactive property as well as the heat generating/absorbing nature of the fluid. The solutions for unsteady state temperature, concentration, and velocity fields are obtained using semi-implicit finite difference schemes. Perturbation techniques are used to get steady state expressions of velocity, concentration, temperature, skin friction, Nusselt number, and Sherwood number. The effects of various flow parameters such as suction/injection ( ), heat source/sinks (S), Soret number (Sr), variable thermal conductivity ( ), Frank-Kamenetskii parameter ( ), Prandtl number (Pr), and nondimensional time ( ) on the dynamics are analyzed. The skin friction, heat transfer coefficients, and Sherwood number are graphically presented for a range of values of the said parameters.
Introduction
Natural convection flow in a porous channel in the presence of chemical reaction is important in the design of several equipment used in engineering systems, for instance in the design of nuclear reactors, thermal insulation, surface catalysis of chemical reaction, small domestic mobile winter oil heaters, and some types of radiators and hydronic heating systems. In chemical engineering and petroleum chemical industries, the interaction between chemical reaction and natural convection occurs widely. Examples of such area of applications include tubular laboratory reactors, chemical vapor deposition systems, the oxidation of solid materials in large containers, the synthesis of ceramic materials by a selfpropagating reaction, combustion in underground reservoirs for enhanced oil recovery, and the reduction of hazardous combustion product using catalytic porous beds and many others. In an attempt to study the effect of chemical reaction on natural convection flows, Minto et al. [1] studied natural convection flow driven by an exothermic reaction on a vertical surface embedded in porous media. Campbell et al. [2] reported the comparison of measured temperatures with those calculated numerically and analytically for an exothermic chemical reaction inside a spherical batch reactor with natural convection. They concluded that the transport of heat and mass transfer within the reactor is controlled by diffusion or natural convection. Recently, Jha et al. [3] [4] [5] [6] investigated unsteady natural convection flow of reactive viscous fluid in a vertical channel as well as vertical tube and the reaction is exothermic under Arrhenius kinetics, neglecting the consumption of the materials. On the other hand the study of heat generation/absorption effects is also important in view of several physical problems, such as fluids undergoing endothermic or exothermic chemical reactions. Heat generation/absorption plays significant role in various physical phenomena such as convection in earth's mantle, postaccident removal, fire and combustion modelling, and the development of metal waste from nuclear fuel (Jha and Ajibade [7] ). Vajravelu [8] investigated heat source/sink effect on natural convection past an infinite vertical plate. Crepeau 2 International Journal of Chemical Engineering and Clarksean [9] presented similarity solutions of natural convection flow with internal heat generation. All the features for heat generating/absorbing fluids have been reported by Jha and Ajibade [7] in their studies on the free convective flow between vertical porous plates with periodic input.
Combined heat and mass transfer problems on natural convection flow found applications in natural circulation in geothermal reservoir, packed bed reactors, sensible heat storage beds, and beds of fossil fuels such as oil shale and coal which have been fragmented in situ energy extraction (Postelnicu [10] ). Mass fluxes can also be generated by temperature gradients. These fluxes generated by temperature gradients are called Soret effect or thermal diffusion. Soret effect is important where more than one chemical species are present under a very large temperature gradient, such as chemical reactors and isotope separation and in mixture between gases of very light molecular weight, such as hydrogen or helium, and of medium molecular weight, such as nitrogen or air [10, 11] . Due to the applications of Soret effect in fluids with very light molecular weight as well as medium molecular weight many researchers across the globe have investigated Soret effect whose names are Dursunkaya and Worek [12] , Osalusi et al. [13] , and Tsai and Huang [14] . Recently Turkyilmazoglu and Pop [15] studied the effect of Soret and heat source on the unsteady radiative MHD free convection flow from an impulsively infinite vertical plate.
To accurately predict the flow and heat transfer rate, it is necessary to take into account the variation of thermal conductivity and viscosity [16] . The materials properties such as thermal conductivity are likely to vary with a temperature gradient [17] . Also thermal conductivity plays a role in controlling heat transfer and temperature increases in the vicinity of repository. In this direction, Arunachalam and Rajappa [18] reported forced convection in liquid metal with variable thermal conductivity. Chiam [19, 20] investigated the effect of variable thermal conductivity on heat transfer. Abel et al. [21] studied numerically the effects of variable thermal conductivity on MHD flow in a power-law fluid past a vertical stretching sheet in the presence of nonuniform heat source. Seddeek and Salama [22] presented numerically the effects of variable viscosity and variable thermal conductivity on unsteady MHD convective heat transfer in a vertical moving porous plate with variable suction. Suction or injection of a fluid through the bounding surface as for example in mass transfer cooling can significantly change the flow field and as a result affect the heat transfer rate from the plate (Ishak et al. [23] ). Suction/injection found applications in the field of aerodynamics and space science (Singh [24] ). Shojaefard et al. [25] used suction and injection to control fluid flow on the surface of subsonic aircraft.
The purpose of this paper is to analyze both analytically and numerically the effects of suction/injection, heat generating/absorbing, Soret number, Frank-Kamenetskii parameter, and variable thermal conductivity on unsteady natural convection and mass transfer flow with an exothermic chemical reaction between two infinite vertical porous plates with variable thermal conductivity. 
Mathematical Analysis
Consider the unsteady natural convection and mass transfer flow of viscous reactive, heat generating/absorbing fluid between infinite vertical parallel porous plates, having temperature dependent thermal conductivity. The convective current is a result of the reactive property of the fluid as well as heat generating/absorbing nature of the fluid. At time ≤ 0, both the fluid and the plates are at rest and at the same temperature and concentration 0 and 0 , respectively. At time > 0 the temperature and concentration of the plate = 0 raised to and , and those of = are lowered to 0 and 0 , respectively, where > 0 and > 0 . It is assumed that the fluid is injected into the channel wall at = with velocity ] = −] 0 and that it is sucked off by the other channel wall at = 0 the same rate (see Figure 1) . The heat generating/absorbing term in this problem is assumed to be of a type given by [26] . The fluid in the present configuration is incompressible and the physical properties are assumed to be constant excluding density in the buoyancy term. Following Jha et al. [3] [4] [5] and neglecting the reacting viscous fluid consumption, the governing equations under the Boussinesq's approximation can be written as
The initial and boundary conditions for the present problem are
where is the coefficient of thermal expansion, * is the coefficient of concentration expansion, is the heat of reaction, 0 is the dimensional heat generating/absorbing parameter, is the rate constant, is the activation energy, is the universal gas constant, ] is the kinematic viscosity, * 0 is the initial concentration of the reactant species, is the gravitational force, is the specific heat at constant pressure, is the density of the fluid, is the coefficient of mass diffusivity, is the mean fluid temperature, is the thermal diffusion ratio, and ( ) is the thermal conductivity which is assumed to vary as linear function of temperature in the form [16, 21] , ( ) = 0 {1 + * ( − 0 )}, where 0 is the thermal conductivity of the ambient fluid and * is a constant depending on the nature of the fluid. In general, * > 0 for fluids such as water and air, while * < 0 for fluids such as lubrication oils [16] .
In the above equations and the initial and boundary conditions, we introduce the following nondimensional variables and parameters:
Using (3), (1) to (2) can take the following form:
where , , , , Gr, Gc, Sr, Pr, , Sc, and are the Frank-Kamenetskii parameter, suction/injection parameter, activation energy parameter, variable thermal conductivity parameter, thermal Grashof number, solutal Grashof number, Soret number, Prandtl number, heat source/sinks parameter, Schmidt number, temperature difference, and concentration difference of the plates, respectively.
Analytical Solutions
The governing equations (6) presented in the previous section are highly nonlinear and exhibit no analytic solutions. The analytical solutions have played significant role in validating and exploring computer routines of complicated problems. We reduce the governing equations of this problem into a form that can be solved analytically by setting / = 0, / = 0 and / = 0 to obtain the steady state version of the problem. Since at steady state no parameter has any significant effect, the steady state solutions of (4) to (6) with the help of (7) and using perturbation method of the form
for velocity, concentration, and temperature, respectively, by taking = 1 and = 1 can be written as 
The constants ℎ 1 , ℎ 2 , , , 
Numerical Solutions
The set of partial differential equations (4) to (6) with the boundary conditions (7) are solved numerically using semiimplicit finite difference scheme given in [27] . We used forward difference formulas for all time derivatives and approximated both the second and first derivatives with second order central differences. The semi-implicit finite difference equation corresponding to (4) to (6) is as follows:
, and 0 ≤ ≤ 1. We chose = 1; the detailed reasons to this particular selection are documented in [27] . Also the analytical solutions displayed in the previous section are used as a check on the accuracy and effectiveness of the numerical scheme. Again, in order to reconfirm the accuracy of the scheme, the numerical results for velocity, concentration, and temperature are compared with the analytical solutions. At larger time a steady state condition is reached; as can be seen in Figure 2 , an excellent agreement is reached between these results.
Results and Discussion
The numerical results are obtained by solving (4) to (6) using the method described in the previous section for various values of physical parameters to describe the physics of the show the effects of the FrankKamenetskii parameter ( ) and suction/injection parameter ( ) on the temperature distribution, respectively. From Figure 3 (a) it is observed that temperature of the fluid increases with increasing values of in case of suction and injection. This is true since an increase in leads to significant increases in the reaction and viscous source terms and hence considerably increases the fluid temperature. It is evident from Figure 3 (a) that temperature of the fluid is greater in case of injection than suction. From Figure 3 (b) it is seen that temperature decreases due to suction but increases due to injection. In case of suction the fluid at ambient conditions is brought closer to the surface and reduces the thermal boundary layer thickness. The same principle operates but in reverse direction in case of injection. Figures 4(a) and 4(b) illustrated the effects of the Frank-Kamenetskii parameter ( ) and suction/injection parameter ( ) on velocity profiles, respectively. Figure 4 (a) revealed that increasing accelerates the fluid velocity in case of suction and injection. Further, it can be seen that velocity is high in case of injection than suction. From Figure 4 (b) it is seen that velocity of the fluid decelerates due to suction while accelerates due to blowing. The physical explanation for such a behavior is that while stronger blowing is provided, the heated fluid is pushed farther from the wall where the buoyancy forces can act to accelerate the flow with less influence of the viscosity. The same principle operates but in opposite direction in case of suction. , that is, ( < 0), result in the cooling of the fluid which leads to the decrease in the fluid velocity. Figures 6(a) and 6(b) illustrated the influence of Sr and on concentration distribution, respectively. In Figure 6 (a) it is observed that concentration of the fluid increases with increasing values of Sr in case of suction and injection. Figure 6 (a) revealed that concentration of the fluid is higher in the vicinity of the wall = 0, where suction takes place, than at the wall = 1 where injection takes place. From Figure 6 (b), the concentration of the fluid decreases due to suction but increases due to injection.
Figures 7(a) and 7(b) displayed the influence of heat generation/absorption ( ) and variable thermal conductivity parameter ( ) on temperature field, respectively. From Figure 7 (a) it is noted that temperature of the fluid increases when > 0 and decreases when < 0 in case of suction and injection. This is physically true since > 0 correspond to the cooling of the fluid while < 0 correspond to the heating of the fluid. Growing values of increase temperature of the fluid in case of suction and injection; see Figure 7 (b). The influence of the thermal Grashof number (Gr) and mass Grashof number (Gc) is illustrated in Figures 8(a) and 8(b) , respectively. These plots (Figures 8(a) and 8(b) ) indicate that the momentum boundary layer thickness increases with increasing Gr and Gc. It is further noticed from the figures that velocity of the fluid is greater in case of injection than suction. Figure 9 is plotted to see the effects of on velocity field. Velocity of the fluid increases with increasing in case of suction and injection. An insignificant effect is observed in case of injection.
The wall shear stress and wall heat transfer rate dependence on Frank-Kamenetskii parameter, , for varying values of nondimensional time are illustrated in Figures 10(a) and 10(b), respectively. From Figure 10(a) , it is noted that as time increases, the frictional force due to the motion of the fluid also increases until a steady state is attained. Higher values of increase the skin friction. A similar trend is observed in the Nusselt number; see Figure 10 (b). Figures 11(a) and 11(b) illustrated the wall shear stress and Nusselt number dependence on heat source/sinks parameter, , for varying values of nondimensional time. From these figures it is seen that as time increases, the skin friction and Nusselt number increase until a steady state condition is reached. Also, it is observed that both skin friction and Nusselt number increase with increasing values of the heat source/sinks parameter . Figures 12(a) and 12(b) represent the skin friction and Nusselt number dependence on variable thermal conductivity, , for varying values of dimensionless time, respectively. From these plots it is noted that both skin friction and wall heat transfer rate increase by increasing nondimensional time until a steady state is attained. Figure 12 (a) revealed that variable thermal conductivity has no significant effect on the skin friction. In Figure 12 (b) it is observed that increasing variable thermal conductivity leads to the increase in the wall heat transfer rate. Figures 13(a) and 13(b) show the influence of Soret number, Sr, on the skin friction and Sherwood number, respectively. Figure 13 (a) reveals that the skin friction increases with increasing Sr and nondimensional time. The rate of mass transfer decreases with increasing Sr and time; see Figure 13 (b). The wall shear stress dependence on Gr and Gc is illustrated in Figures 14(a) and 14(b) for varying values of dimensionless time. From the two figures it is clear that the skin friction increases as time, Gr, and Gc increase until a steady state value is achieved. The wall shear stress dependence on suction/injection parameter, , is illustrated in Figure 15 (a) for varying values of time. It is seen from the figure that skin friction increases as time increases until a steady state is reached. It is also evident that larger values of suction/injection parameter lead to the reduction of the skin friction. The wall heat transfer rate dependence on is displayed in Figure 15 the Sherwood number. It is noted that as time increases, the Sherwood number also increases until a steady state is attained. It is also evident from this figure that higher values of reduce the Sherwood number.
Conclusion
In the present study, the effects of suction/injection, heat source/sinks, Soret number, Frank-Kamenetskii parameter, Prandtl number, variable thermal conductivity, and buoyancy parameters on unsteady natural convection and mass transfer flow of viscous reactive, heat generating/absorbing fluid in a vertical channel formed by two infinite vertical porous plates have been investigated. The main findings are as follows.
(i) The numerical simulations show that increasing heat sink parameter decreases the fluid temperature and velocity while increasing heat source parameter increases both the fluid temperature and velocity. (ii) Suction/injection has distorted the symmetric nature of the flow, as the thermal boundary layer is increasing towards the wall with injection and reducing towards the wall with suction. (iii) There is an increase in both fluid temperature and velocity with an increase in the reaction strength and variable thermal conductivity while higher values of Prandtl number reduce both temperature and velocity of the fluid. (iv) An increase in the Soret number increases the velocity and concentration of the channel. 
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